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SYSTEM AND METHOD FOR RANDOM Another aspect of the present invention also provides a 
ACCESS BASED ON SPATIAL GROUP random access method to reduce the random access collision 

probability and random access delay while using the con 
CROSS - REFERENCE TO RELATED ventionally used number of root indices and the convention 

APPLICATION 5 ally used number of preamble identifier bits in the random 
access response message . 

This application claims the priority benefit of Korean According to an aspect of the present invention , there is Patent Application No . 10 - 2014 - 0046495 , filed on Apr . 18 , provided a random access method of a node , the method 2014 , and Korean Patent Application No . 10 - 2014 - 0062211 , including receiving spatial group information on spatial filed on May 23 , 2014 , in the Korean Intellectual Property 10 groups in a cell generated from a base station , identifying a Office , the disclosures of which are incorporated herein by 
reference . spatial group corresponding to the node based on the spatial 

group information , transmitting a preamble signal to the 
BACKGROUND base station by generating the preamble signal , and receiv 

ing a random access response message in response to the 
1 . Field of the Invention 15 preamble signal . 
The present invention relates to random access technol - The spatial groups in the cell may be generated based on 

ogy in an orthogonal frequency division multiple access the distance from the base station of the cell . 
( OFDMA ) based cellular system . The identificating of the spatial group corresponding to 

2 . Description of the Related Art the node may include receiving the reference signal trans 
Resources are shared in wireless communication systems 20 mitted from the base station of the cell , estimating the 

through all resources such as a frequency bandwidth and a distance from the base station to the node based on the 
transmission time slot being divided into several segments strength of reference signal , and identifying information on 
using a multiple access method , for example , time division the spatial group corresponding to the node from the spatial 
multiple access ( TDMA ) , frequency division multiple group information received from the base station . 
access ( FDMA ) , and code division multiple access 25 The generating of the preamble signal may include deter 
( CDMA ) , and performing scheduling based on requirements mining a cyclic shift using a group coverage distance of the 
by a user . For more effective use of the resources , a random spatial group , and generating the preamble signal using a access method through which all nodes have transmission root index allocated to the spatial group and the cyclic shift . rights and randomly transmit data may be used by a plurality The receiving of the random access response message of nodes as a method of transmitting sporadic data through 9 30 may include searching for a random access response mes an uplink common channel . 

One random access method includes transmitting a pre sage corresponding to the node based on the preamble 
amble generated using a code randomly selected by a node identifier and timing alignment information included in the 
to a base station and transmitting data for actual random random access response message . 
access after receiving a response to the preamble from the The searching for the random access response message 
base station . In such a method of transmitting the data for the 35 may include searching for the random access response 
random access , the preamble and the data may be transmit message in which the timing alignment information corre 
ted through a common random access channel and addi sponds to the range of timing alignment information for the 
tional resource allocation may be required , irrespective of a spatial group . 
random access request by the node . According to another aspect of the present invention , 

In a future cellular network , machine - to - machine ( M2M ) 40 there is provided a random access method of a base station , 
communication may gain an added attention and become the method including forming spatial groups in the cell of 
further diversified . As the M2M communication applications the base station , transmitting spatial group information on 
are further diversified , the number of nodes may drastically the formed spatial groups to a node , receiving preamble increase . Thus , a base station and a network may experience signal from the node , and transmitting a random access 
overload that may be caused by a multitude of random 45 response message in response to the preamble signal . 
access requests from numerous nodes . Hence , an orthogonal The forming of the spatial groups in the cell may include frequency division multiple access ( OFDMA ) based cellular forming the spatial groups based on the distance from the system may need to accommodate a greater number of nodes base station . in a cell and require sufficient random access resources to 
accept the random access requests from the nodes . In a third The forming of the spatial groups in the cell may include 
generation partnership project ( 3GPP ) long term evolution 50 determining the number of the spatial groups to be identical 
( LTE ) system of the OFDMA based cellular system , the to the number of available root indices for the base station , 
number of preambles used for a conventional random access and setting the group coverage distance of a spatial group to 
method is limited to 64 . However , when numerous nodes minimize the random access collision probabilities of nodes 
attempt random access with the limited 64 preambles , ran - included in the spatial group and uniformly maintain the 
dom access collision probability and random access delay 55 collision probabilities among the spatial groups . 
may increase and thus , quality of service ( QoS ) may not be The spatial group information may include a group cov 
satisfied . Accordingly , there is a desire for new technology erage distance and a root index of the spatial group . 
for generating a greater number of preambles with a fixed According to still another aspect of the present invention , 
preamble identification bit number in an existing random there is provided a node performing a random access 
access response message and physical random access chan - 60 method , the node including a group information receiver to 
nels to accommodate a greater number of nodes . receive spatial group information on spatial groups in a cell 

formed from a base station , an identifier to identify a spatial 
SUMMARY group corresponding to the node , a preamble generator to 

generate a preamble signal , a transmitter to transmit the 
An aspect of the present invention provides a method of 65 generated preamble signal to the base station , and a searcher 

forming multiple spatial groups by grouping the coverage to search for an available random access response message 
area of a cell to generate a greater number of preambles . in response to the preamble signal . 
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The identifier may identify information on a spatial group are illustrated in the accompanying drawings , wherein like 
corresponding to the node from the spatial group informa reference numerals refer to the like elements throughout . 
tion received from the base station by receiving the refer - Exemplary embodiments are described below to explain the 
ence signal transmitted from the base station of the cell and present invention by referring to the accompanying draw 
estimating the distance from the base station to the node 5 ion to the node 5 ings , however , the present invention is not limited thereto or ings . 
based on the strength of the reference signal . restricted thereby . The preamble generator may generate the preamble signal When it is determined a detailed description related to a by determining a cyclic shift using a group coverage dis related known function or configuration that may make the tance of the spatial group and by using a root index allocated purpose of the present invention unnecessarily ambiguous in to the spatial group and the cyclic shift . 10 describing the present invention , the detailed description The searcher may search for a random access response will be omitted here . Also , terms used herein are defined to message corresponding to the node using a preamble iden 
tifier and timing alignment information included in the appropriately describe the exemplary embodiments of the 
random access response message . present invention and thus may be changed depending on a 

According to yet another aspect of the present invention , of the present invention user , the intent of an operator , or a custom . Accordingly , the 
there is provided a base station performing a random access 15 terms must be defined based on the following overall 
method with a node , the base station including a spatial description of this specification . 
group former to form spatial groups in the cell of the base Transmitting a variety of data through , for example , time , 
station , a spatial group information transmitter to transmit space , and frequency domain resources , may be necessary to 
spatial group information on the formed spatial groups to the implement various transmission or reception methods for 
node , a receiver to receive a preamble signal from the node , 20 high - speed packet transmission . Similarly , transmitting ran 
and a random access response message transmitter to trans dom access preambles may be necessary to perform a 
mit a random access response message in response to the random access procedure . To transmit such a random access 
preamble signal . preamble or uplink control information , sequences are 

widely used . A sequence may be transmitted independently BRIEF DESCRIPTION OF THE DRAWINGS 25 in the form of a spreading code , a terminal identifier , and a 
These and / or other aspects , features , and advantages of signature , or along with control information through a 

the invention will become apparent and more readily appre control channel or a random access channel . 
ciated from the following description of exemplary embodi In the third generation partnership project ( 3GPP ) long 

term evolution ( LTE ) system of an orthogonal frequency ments , taken in conjunction with the accompanying draw 
ings of which : * 30 division multiple access ( OFDMA ) based cellular system , a 

FIG . 1 is a diagram illustrating a spatial group based preamble may be formed using a Zadoff - Chu ( ZC ) sequence . 
random access method according to an embodiment of the the preamble signal may refer to a signal used to match 
present invention ; synchronizations of two systems in data communication . In 

FIG . 2 is a diagram illustrating a method of identifying a the LTE system , the ZC sequence may be used to generate 
spatial group of a node and generating a preamble in the 35 a random access preamble for a reference signal used for 
spatial group based random access method according to an channel estimation , a primary synchronization signal ( PSS ) 
embodiment of the present invention ; secondary synchronization signal ( SSS ) for synchronization , 

FIG . 3 is a flowchart illustrating a random access method and initial network access . The random access procedure 
of a system performing spatial group based random access may be performed when a terminal initially accesses a base 
according to an embodiment of the present invention ; 40 station in uplink , and is used to request allocation of 

FIG . 4 is a flowchart illustrating a random access method resources required to transmit data from the terminal to the 
of a node according to an embodiment of the present base station . In such an example , the ZC sequence may be 
invention ; defined as Equation 1 . 

FIG . 5 is a flowchart illustrating a random access method 
of a base station according to an embodiment of the present 45 
invention ; iXrxnx ( n + 1 ) ] [ Equation 1 ] 

FIG . 6 is a diagram illustrating a configuration of a node de , n = 0 , 1 , . . . Nzc - 1 z [ n ] = | - ; * * * * WX \ " + 1 % ) , n = 0 , 1 , . . . Nzc - 1 
performing a random access method according to an 
embodiment of the present invention ; In Equation 1 , Nzc denotes the ZC sequence length and FIG . 7 is a diagram illustrating a configuration of a base 50 re { 1 , 2 , . . . Nzc - 1 } denotes a root index . In principle , station performing a random access method according to an multiple random access preambles may be generated from 
embodiment of the present invention ; 

FIGS . 8 and 9 are graphs illustrating the effect obtained the ZC sequence by cyclically shifting the ZC sequence by 
through spatial group based random access according to an an integer multiple of Ncs , which is a cyclic shift . A 

sequence obtained by cyclically shifting Ncs by a multiple embodiment of the present invention ; 
FIG . 10 is a diagram illustrating a shared area of spatial of “ i ” is Zr , j [ n ] = z , [ ( n + Ncsxi ) mod Nzc ] , which is referred to 

as the i - th preamble . The number of available preambles per groups in a spatial group based random access method root index ( ZC sequence ) is according to an embodiment of the present invention ; and 
FIGS . 11 and 12 are graphs illustrating the effect obtained 

through spatial group based random access when the dis - 60 
tance estimation error is varied according to an embodiment LNcs 
of the present invention . 

Nzc 

Nzc 

DETAILED DESCRIPTION 
Reference will now be made in detail to exemplary 

embodiments of the present invention , examples of which 

and depends on a value of Ncs . The value of Ncs , indicating 
65 the cyclic shift , may be determined by a cell radius “ d , " and 

set to compensate for a value greater than or equal to a total 
of maximum round - trip delay and maximum delay spread 
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between a base station and a terminal located on the cell be used within a cell to which the service of the base station 
boundary in order to obtain the round - trip delay between the 101 is provided . The d 102 may be divided into K group 
base station and a non - synchronized terminal located within coverage distances , for example , d , 103 , d2 , . . . , dk 104 , in 
the cell coverage region based on the time instance at which which “ K ” is identical to the required number K of root 
a preamble is received and to successfully detect the pre - 5 indices . Thus , spatial groups having the group coverage 
amble in a predetermined preamble detection zone . A lower distances d , 103 , d2 , . . . , dk 104 may be formed . For 
bound of Ncs to which the requirements are reflected may be example , the first group may be formed as a round - shaped 
represented as Equation 2 . spatial group with the group coverage distance “ d , ” 103 . In 

such an example , only a root index “ r , ” 105 among the K 
10 root indices may be used to generate preambles , and a cyclic 

[ Equation 2 ] shift may be determined by substituting the d , 103 , in lieu of 
the d 102 , in Equation 3 . Thus , the first group may generate 
and use 

Nos 2 [ Ca + tahi me ne 

??? 

In Equation 2 , d denotes the cell radius in kilometers 15 
( km ) . Tds denotes the maximum delay spread in us . Nzc and 
Tseg denote the ZC sequence length and duration ( us ) , Npaldi ) = Lamic 
respectively . n , denotes the number of additional guard 
samples . [ x ] is the ceiling function . The function of a cyclic 
shift depending on d may be defined as Equation 3 with a 20 preambles . 
lower bound of Equation 2 . 

· Npa ( dx ) = LwM2C / > Npa ( d ) = Nzc . 
[ Equation 3 ] IN cs ( dk ) Pala ) LNcs ( d ) } 

k = 1 , 2 , . . . , K 

Equation 6 ] 
Nestas = [ a + ra me 25 25 

Nzc 

35 

In addition , the number of available preambles that may the remaining groups may be formed as doughnut - shaped 
be generated per root index ( ZC sequence ) may be derived spatial groups and generate preambles based on the respec 
as a function based on d as represented by Equation 4 . 30 tive group coverage distances and root indices using the 

same method applied to the first group . 
the K - th group , which is the last group , may have a group 

[ Equation 4 ] coverage distance of “ d ” 104 and root index “ rk ” 106 Npa ( d ) = Linz . com Nps ( d ) = 
Ncs ( d ) to generate and use 

35 
In Equation 4 , Ncs ( d ) may increase as d increases , and the 

number NPA ( d ) of available preambles that may be generated NpA ( dx ) = NZC Ncs ( dk ) per root index ( ZC sequence ) may decrease . [ x ] is the floor 
function . 

In the conventional random access method , fixed Npcono 40 preambles . 
number of preambles in a cell are required to be provided . FIG . 2 is a diagram illustrating a method of identifying the 
In the 3GPP LTE system . N conv is set to be 64 . When spatial group of a node 206 and generating a preamble in the 
Np ( d ) , indicating the number of available preambles that spatial group based random access method according to an 
may be generated per root index based on d , is less than embodiment of the present invention . 
N , conv , at least two root indices ( ZC sequence ) may be used 45 FIG . 2 illustrates an example 200 in which a cell radius 
to provide a total of NPA con preambles . the required number 
“ K ” of root indices for generating the fixed number NpAconv determine the number “ K ” of root indices and a total number 
of preambles in the conventional random access method is “ K ” of spatial groups to be 3 based on the d 202 of 4 km 
obtained as Equation 5 . using Equations 3 , 4 , and 5 . The d 202 of 4 km may be 

50 divided into the first group , the second group , and the third 
group based on the respective group coverage distances , di 

[ Equation 5 ] 203 , d , 204 , and dz 205 . In the example 200 of FIG . 2 , the 
group coverage distances d , 203 , d2 204 , and dz 205 are 
assumed to be 2 . 0 km , 1 . 1 km , and 0 . 9 km , respectively . The 

55 base station 201 may allocate root indices r? 207 , r2 208 , and 
Detailed descriptions will be provided hereinafter with rz 209 to the first group , the second group , and the third 

reference to accompanying drawings . group , respectively . The base station 201 may broadcast , to 
FIG . 1 is a diagram illustrating a spatial group based all nodes in a cell , the fixed group coverage distances d , 203 , 

random access method according to an embodiment of the d , 204 , and dz 205 , and information on the root indices r , 
present invention . 60 207 , r , 208 , and rz 209 . In such an example , the node 206 

FIG . 1 illustrates a cell model 100 in spatial group based may be a terminal device or a communication processor . 
random access . Referring to FIG . 1 , the cell radius in the According to an embodiment , the node 206 may estimate 
coverage area to which a service of a base station 101 is the distance from the base station 201 based on the strength 
provided is “ d ” 102 . In the example of FIG . 1 , the required of the reference signal transmitted from the base station 201 . 
number “ K ” of root indices based on the d 102 may be 65 The node 206 may recognize that the node 206 is located 
determined using Equations 3 , 4 , and 5 provided in the approximately 4 km away from the base station 201 through 
foregoing . K root indices , for example , r , r , . . . , rx , may distance estimation . The node 206 may be informed of the 

K = [ NECONV 
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group coverage distances d , 203 , d2 204 , and dz 205 , and the coverage distance in compensation for the round - trip delay 
information on the root indices r , 207 , r , 208 , and r , 209 by between the base station 201 and the inner boundary of each 
receiving spatial group information transmitted from the 
base station 201 . The node 206 may recognize that the node According to an embodiment , in the random access 
206 belongs to the third group based on the group coverage 5 method , the group coverage distance of a spatial group may 
distances , for example , d , + d2 = 3 . 1 km < 4 km = d + d2 + dz . In be set to minimize the random access collision probabilities 
other words , the node 206 estimates the distance from the of nodes belonging to the spatial group and uniformly 
base station 201 based on the strength of the reference signal maintain the collision probabilities among spatial groups . 
transmitted from the base station 201 , and identifies the For example , when K groups are present in a cell having 
spatial group to which the node 206 belongs based on the 10 a cell radius of d , the group coverage distance vector may be 
estimated distance and the received spatial group informa - d = d1 , 02 , . . . , dz ] and the random access collision 
tion . In an example , the distance from the base station 201 probability of the k - th group may be expressed as Equation 
to the node 206 may be obtained using a global positioning 
system ( GPS ) . In another example , the distance from the 16 
base station 201 to the node 206 may be obtained using [ Equation 9 ] distance information pre - input to a fixed node . A method of Pck ( d ) = 1 – XXXTRACH X Mk ( d ) Nps ( dk ) 
obtaining the distance from a base station to a node may not 
be limited to the descriptions provided herein and various 
methods may be applied to obtain the distance . 20 In Equation 9 , NP4 ( dz ) denotes the number of available 

According to an embodiment , a node belonging to a preambles in the k - th group . à ( sec ) denotes the random 
spatial group may generate a preamble signal . As illustrated access arrival rate of a node . Trach denotes the physical 
in FIG . 2 , the node 206 belonging to the third group may random access channel ( PRACH ) time slot period . Mz ( d ) 
recognize the d , 205 of 0 . 9 km and the rz 209 of the third denotes the number of nodes present in the k - th group . W ( x ) 

35 is the Lambert W function and has a real number value group based on the spatial group information received from 25 - within a range of the base station 201 . In such an example , the node 206 may 
obtain a cyclic shift Ncs ( dz ) by substituting the dz 205 in 
Equation 3 . Thus , the node 206 may generate a total of 

Pek ( d ) = 1 – exp { w ( in?1 - Naalds ) x1x Trach x M? ( d ) ) } Equation 9 

x2 - X > - - 
30 

Nzc Npa ( ds ) = LN70 ] An optimization problem may be formulated as Equation 10 . 

d = 1 

k - 1 

preambles by substituting the cyclic shift Ncs ( dz ) and the rz 35 [ Equation 10 ] 
209 in Equation 4 . The node 206 may generate a ie [ 0 , NPA minimize Pok ( d ) 
( dz ) - 1 ] - th preamble as expressed in Equation 7 . 

subject to 1pck ( d ) – Pej ( d ) | se , 
Zmiln ) = zxg [ ( n + N cs ( dz ) xi ) modNzd , n = 0 , . . . k , j = 1 , . . . , K , koj 

Nzc - 1 , ie ( 0 , NPA ( dz ) - 1 ] [ Equation 7 ] 40 
di + . . . + dx = d According to an embodiment , the base station may detect 

a preamble signal transmitted from a node . In the example dk > dmin , k = 1 , . . . , K 
200 of FIG . 2 , a receiver of the base station 201 may detect 
a received preamble based on K shifted reference ZC 
sequences , for example , z , [ n + Tbi ] , z [ n + TB2 ) , . . . , Z , [ n + 145 In Equation 10 , e denotes the constraint constant reflect 
TBR ] . Group round - trip delay ( TBk ) required for the shifted ing the fairness of collision probabilities among spatial 
reference ZC sequences may be obtained using Equation 8 . groups . dwin denotes the minimum group coverage distance 10 satisfying NPA ( dz ) NP _ cony . 

According to an embodiment , an overlapping among 
Equation 8 ] 50 different group preamble identifier in a random access 

response message may be resolved using timing alignment Tbi = 0 , TBK = 
information in the random access response message . In the 

k = 2 , . . . , K random access response message of an OFDMA based 
cellular system , the number of preamble identifier bits is 

55 fixed . In the conventional random access method , preamble 
In Equation 8 , Tpi denotes a non - existent round - trip delay identifier ranging from 0 to NrAconv - 1 may be used in the 

unit : slot time corresponding to one sequence duration of the random access response message and the overlapping prob 
first group . TBk denotes the round - trip delay between the base lem of the preamble identifier may not occur . However , in 
station 201 and the inner boundary of the k - th group . Nzc the spatial group based random access method , each spatial 
and Tseo denote the ZC sequence length and duration ( us ) , 60 group may use the preamble identifier ranging from 0 to 
respectively . Neconv - 1 in the random access response message without a 

The shifted reference ZC sequences Zy , [ n + Tbil , z , [ n + group identifier and , thus , the overlapping problem of pre 
TB2 ) , . . . , Z [ n + TBK ] may be reference sequences obtained amble identifier may occur among different spatial groups . 
by shifting reference ZC sequences zy [ n ] , z , [ n ] , . . . , 2 , [ n ] For example , a base station may transmit random access 
by the round - trip delay between the base station 201 and the 65 response messages having a preamble identifier " O " in 
inner boundary of the k - th group . Each spatial group may response to both preamble “ O ” transmitted from the first 
generate preambles based solely on the corresponding group group and preamble “ O ” transmitted from the second group . 

Nzc Em = 0 . Tax = [ 2ox pul al Mare - os . Li = 1 

* TSEQ 



I fo . 20xd ) k = 1 
K - 1 

TAK = 120x5d ; 20x 
i = 1 
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In such an example , a node transmitting the preamble “ O ” shifted by the round - trip delay between the base station and 
may not distinguish which random access response message the inner boundary of the corresponding spatial group . 
contains the corresponding preamble identifier for the node . In operation 306 , the base station transmits a random 
According to an embodiment , each node may search for a access response message to the node . In an example , the 
correct random access response message sent to the node 5 base station may transmit the random access response mes 
using timing alignment information in the random access sage in response to the preamble signal received from the 
response message . Each node belonging to a group region node . In operation 306 , the node receives the random access 
may distinguish the range of timing alignment information response message . The node may search for its own random 
possessed by the group region based on Equation 11 . access response message for the node using timing align 

ment information in the random access response message . 
Here , each node belonging to a group region may distinguish 

[ Equation 11 ] 
k = 1 the range of timing alignment information possessed by the 

group region . 
15 In operation 307 , the node searches for the random access 

response message corresponding to the node based on the 
- , k = 2 , 3 , . . . , K preamble identifier and the timing alignment information in 

the random access response message . The searching for the 
In Equation 11 , TA , denotes the timing alignment infor random access response message may include searching for 

mation to be applied to nodes belonging to the k - th group . 20 th groun 20 a random access response message in which the timing 
Thus , each node may distinguish the corresponding random alignment information corresponds to the range of timing 
access response message for the node without an additional alignment information of the corresponding spatial group . 

For example , when the node does not receive the random bit in the random access response message used to identify access response message within a predetermined number of the corresponding spatial group . 125 times in response to the preamble signal , a neighboring FIG . 3 is a flowchart illustrating a random access method spatial group located nearest to the node may be identified of a system performing spatial group based random access as the special group corresponding to the node . according to an embodiment of the present invention . FIG . 4 is a flowchart illustrating a random access method 
Referring to FIG . 3 , in operation 301 , a base station forms of a node according to an embodiment of the present 

spatial groups in a cell based on the distance from the base 30 invention . 
station . the number of the spatial groups may be determined Referring to FIG . 4 , in operation 401 , the node receives 
to be identical to the number of available root indices for the spatial group information on spatial groups in a cell gener 
base station . In an example , the group coverage distance of ated from a base station . The spatial groups in the cell may 
a spatial group may be determined to minimize the random be generated by dividing the cell based on the distance from 
access collision probabilities of nodes belonging to the 35 the base station . 
spatial group . In another example , the group coverage In operation 402 , the node identifies the spatial group to 
distance of the spatial group may be set to uniformly which the node belongs based on the spatial group infor 
maintain the collision probabilities among the spatial mation . The node may receive the reference signal trans 
groups . mitted from the base station of the cell and estimate the 

In operation 302 , the base station transmits spatial group 40 distance between the base station and the node based on the 
information to nodes , for example , terminal devices . The strength of the reference signal . Thus , the node may identify 
spatial group information may include the group coverage the spatial group to which the node belongs by analyzing the 
distance and the root index of the corresponding spatial spatial group information received from the base station . 
group . In operation 302 , a node receives the spatial group In operation 403 , the node generates a preamble signal 
information . 45 and transmits the preamble signal to the base station . The 

In operation 303 , the node identifies the spatial group to node may determine the cyclic shift using the group cover 
which the node belongs based on the spatial group infor age distance of the spatial group . The group coverage 
mation . In an example , the node may receive a reference distance may refer to the distance from the inner boundary 
signal transmitted from the base station , estimate the dis - of the spatial group to the outer boundary of the spatial 
tance from the base station based on the strength of the 50 group . The group coverage distance may be preset to mini 
reference signal , and identify the spatial group to which the mize the random access collision probabilities in all spatial 
node belongs based on the received spatial group informa groups and uniformly maintain the collision probabilities 
tion . among the spatial groups . The preamble signal may be 

In operation 304 , the node generates a preamble signal . In generated using root indices allocated to the spatial groups 
an example , the random access preamble is generated from 55 and the cyclic shift . 
a ZC sequence by cyclically shifting the ZC sequence by an In operation 404 , the node receives a random access 
integer multiple of a cyclic shift . response message in response to the preamble signal . Here , 

In operation 305 , the node transmits the generated pre preamble identifier may not be easily classified based on the 
amble signal to the base station . The preamble signal may be spatial groups because the number of preamble identifier bits 
transmitted during a predetermined length of an access slot , 60 is fixed . In an example , the node may search for its own 
and the node may select one among multiple preambles random access response message corresponding to the node 
during a predetermined initial length of the access slot and based on the preamble identifier and the timing alignment 
transmit the selected preamble signal . In operation 305 , the information in the random access response message . The 
base station receives the preamble signal from the node . In node may search for its own random access response mes 
an example , the base station detects the preamble signal 65 sage for the node by verifying whether the timing alignment 
based on shifted reference ZC sequences . The shifted ref - information corresponds to the range of timing alignment 
erence ZC sequences may refer to reference sequences information for the corresponding spatial group . 
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FIG . 5 is a flowchart illustrating a random access method based on the preamble identifier and the timing alignment 
of a base station according to an embodiment of the present information in the random access response message . The 
invention . searcher 605 may search for the random access response 

Referring to FIG . 5 , in operation 501 , the base station message for the node by verifying whether the timing 
forms spatial groups in a cell . According to an embodiment , 5 alignment information corresponds to the range of timing 
forming the spatial groups may increase the number of alignment information for the spatial group . For example , 
available preambles in the cell . The spatial groups may be when the searcher 605 does not receive an available random 
classified based on the distance from the base station . the access response message within a predetermined number of 
number of the spatial groups may be determined to be times in response to the preamble signal , the identifier 602 
identical to the number of available root indices for the base 10 may identify a neighboring spatial group located nearest to 
station . According to another embodiment , the base station the node , in lieu of the identified spatial group , as the spatial 
may set the group coverage distance of a spatial group to group corresponding to the node . 
minimize the random access collision probabilities of nodes FIG . 7 is a diagram illustrating a configuration of a base 
belonging to the spatial group and uniformly maintain the station 700 performing a random access method according 
collision probabilities among the spatial groups . 15 to an embodiment of the present invention . 

In operation 502 , the base station transmits spatial group Referring to FIG . 7 , the base station 700 includes a spatial 
information on the formed spatial groups . The spatial group group former 701 , a spatial group information transmitter 
information may include the group coverage distance and 702 , a receiver 703 , and a random access response message 
the root index of the spatial group . transmitter 704 . 

In operation 503 , the base station receives a preamble 20 The spatial group former 701 may form spatial groups in 
signal from the node . In an example , the base station a cell . According to an embodiment , forming the spatial 
receiver detects the preamble signal based on shifted refer - groups may increase the number of available preambles in 
ence ZC sequences . The shifted reference ZC sequences the cell . The spatial groups may be classified based on the 
may refer to reference sequences shifted by the round - trip distance from the base station 700 . the number of the spatial 
delay between the base station and the inner boundary of the 25 groups may be determined to be identical to the number of 
spatial group . available root indices for the base station 700 . The spatial 

In operation 504 , the base station transmits a random group former 701 may set the group coverage distance of a 
access response message corresponding to the preamble spatial group to minimize the random access collision prob 
signal . abilities of nodes belonging to the spatial group and uni 

FIG . 6 is a diagram illustrating a configuration of a node 30 formly maintain the collision probabilities among the spatial 
600 performing a random access method according to an groups . 
embodiment of the present invention . The spatial group information transmitter 702 may trans 

Referring to FIG . 6 , the node 600 includes a group mit spatial group information on the formed spatial groups 
information receiver 601 , an identifier 602 , a preamble to a node in the cell . The spatial group information may 
generator 603 , a transmitter 604 , and a searcher 605 . 35 include the group coverage distance and root indices . The 

The group information receiver 601 may receive spatial node may identify a spatial group to which the node belongs 
group information on spatial groups in a cell generated from using the spatial group information . 
a base station . The spatial groups in the cell may be The receiver 703 may receive a preamble signal from the 
generated by dividing the cell based on the distance from the node . 
base station . 40 The random access response message transmitter 704 may 

The identifier 602 may identify a spatial group to which transmit a random access response message corresponding 
the node 600 belongs based on the spatial group information to the received preamble signal . 
The node 600 may receive the reference signal transmitted In comparison to the conventional random access method , 
from the base station and estimate the distance between the using a spatial group based random access method may 
node 600 and the base station based on the strength of the 45 increase the number of smart meters that may be accom 
reference signal . Thus , the identifier 602 may identify the modated in the cell . 
spatial group to which the node 600 belongs by analyzing In one case in which cell radius is set to 2 km and another 
the spatial group information received from the base station . case in which cell radius is set to 4 km , smart meters are 

The preamble generator 603 may generate a preamble evenly distributed in a cell and a metering report period of 
signal . The node 600 may determine a cyclic shift based on 50 " 1 / 2 " is set to be 5 minutes . Here , the conventional random 
the group coverage distance of the spatial group . The group access method may set 58 preambles for human - to - human 
coverage distance may refer to the distance ranging from the ( H2H ) communication and 6 preambles for machine - to 
inner boundary of the spatial group to the outer boundary of machine ( M2M ) communication to use among a total of 64 
the spatial group . The group coverage distance may be preambles . In the 2 km case , the spatial group based random 
preset to minimize the random access collision probabilities 55 access method may set group coverage distances , for 
in all spatial groups and uniformly maintain the collision example , d , to be 1 . 34 km and d , to be 0 . 66 km . Thus , the 
probabilities among the spatial groups . The preamble signal spatial group based random access method may use a total 
may be generated using a root index allocated to the spatial of 113 preambles based on NPA ( d , ) = 49 and NPA ( d2 ) = 64 . 
group and the cyclic shift . Among the 113 preambles , the spatial group based random 

The transmitter 604 may transmit the preamble signal 60 access method may set 58 preambles for the H2H commu 
generated by the preamble generator 603 . nication and 55 preambles for the M2M communication to 

The searcher 605 may receive a random access response use . 
message in response to the preamble signal . Here , preamble In the 4 km case , the spatial group random access method 
identifier may not be easily classified based on the spatial may set group coverage distances , for example , d , to be 2 . 02 
groups because the number of preamble identifier bits is 65 km , d , to be 1 . 07 km , and dz to be 0 . 91 km . Thus , the spatial 
fixed . The searcher 605 may search for its own random group based random access method may use a total of 149 
access response message corresponding to the node 600 preambles based on NPA ( d , ) = 38 , NPA ( 42 ) = 52 , and NPA ( dz ) 



US 9 , 788 , 344 B2 
13 14 

= 59 . Among the 149 preambles , the spatial group based For example , when the node erroneously identifies the 
random access method may set 58 preambles for the H2H spatial group due to the estimation error on the distance , the 
communication and 91 preambles for the M2M communi - node may suffer from a random access disruption . Accord 
cation to use . ingly , the node that erroneously identifies the spatial group 

FIGS . 8 and 9 are graphs illustrating an effect obtained 5 may not receive a random access response message after 
through spatial group based random access according to an transmitting a preamble signal . To prevent the node from 
embodiment of the present invention . continuously failing in receiving the random access response 

FIG . 8 illustrates a graph indicating the difference in message , the node may identify a neighboring spatial group 
collision probabilities between the conventional random located nearest to the node as the spatial group correspond 
access method and the proposed spatial group based random 10 ing to the node when the random access response message 
access method when a total number of nodes is 30 , 000 . is not received within a predetermined number of times in 
Referring to FIG . 8 , when a metering report period of “ 1 / ” response to the preamble signal . For example , when the 
is 3 minutes , a case 810 of the conventional random access node does not receive the random access response message 
method shows an approximate collision probability of 39 % . N times , the spatial group including the node may be 
However , in the spatial group based random access method , 15 modified to the neighboring spatial group located nearest to 
a case 820 of a radius of 2 km from the base station shows the node . 
an approximate collision probability of 3 % . In addition , a When the distance between the node and the base station 
case 830 of a radius of 4 km from the base station shows an estimated by the node is D , D may be represented as 
approximate collision probability of 2 % . Referring to the Equation 12 . 
graph of FIG . 8 , the case 830 of the radius 4 km has a lower 20 Þ = D + De [ Equation 12 ] collision probability than the case 820 of the radius 2 km , 
which may result from using 33 more preambles by using In Equation 12 , D and De denote the actual distance 
one more root indices . between the node and the base station , and the distance 

FIG . 9 illustrates a graph indicating the average random estimation error , respectively . 
access delay based on a channel environment . Referring to 25 That is , spatial groups in a cell may include a shared area 
FIG . 9 , a case 920 of the spatial group based random access in which two neighboring spatial groups among the spatial 
method shows a mostly constant average random access groups overlap within the shared distance . Referring to FIG . 
delay despite an increase in the random access arrival rate . 10 , the first group 1011 may be a round shaped region with 
Conversely , a case 910 of the conventional random access distance d , 1021 from a base station 1010 . The first group 
method shows random access delays that increase exponen - 30 1011 may include a shared area 1031 . the second group 1012 
tially when the random access arrival rate increases . In the may be a doughnut shaped region with distance d2 1022 
graph of FIG . 9 , a portion in which the random access delay from the first group 1011 . The second group 1012 may 
is saturated in the case 910 of the conventional random include the shared areas 1031 and 1032 . Similarly , the third 
access method may indicate that random access does not group 1013 may be a doughnut shaped region with distance 
succeed until a maximum number of times of attempting 35 d3 1023 from the second group 1012 . The third group 1013 
random access is reached and the random access delay may include the shared area 1032 . That is , the first group 
infinitely increases . 1011 and the second group 1012 may share the shared area 

Table 1 indicates the acceptable number of smart meters 1031 , and the second group 1012 and the third group 1013 
in three target collision probabilities when a metering report may share the shared area 1032 . In such an example , the 
period of 1 / 2 is 5 minutes . 40 shared distance 1030 of the shared areas may be 100 meters 

( m ) . 
TABLE 1 In addition , FIG . 10 illustrates a cell model including the 

shared areas in the spatial group based random access 
Target Spatial Group Based Spatial Group Based method . Referring to FIG . 10 , a cell radius of a region to 

Collision Random Access Random Access 45 which the base station 1010 provides a service is “ d ” 1020 . Probability Conventional 2 km 4 km In an example , when the d 1020 is 4 km , the base station 
0 . 1 % 170 1 , 500 2 , 600 1010 may determine the total number K of spatial groups to 

1 % 1 , 700 15 , 000 26 , 000 be 3 based on the d of 4 km . The d of 4 km may be divided 3 % 4 , 900 44 , 500 78 , 200 into the first group 1011 , the second group 1012 , and the 
50 third group 1013 based on group coverage distances , for 

Referring to Table 1 , when the collision probability is 3 % , example , d , 1021 , d , 1022 , and dz 1023 . The group coverage 
the spatial group based random access method may accom distances may be set to overlap within the shared distance 
modate 44 , 500 smart meters within a 2 km cell , and 78 , 200 1030 . The base station 1010 may allocate each of three root 
smart meters within a 4 km cell . However , the conventional indices to the groups . For example , the base station 1010 
method may accommodate merely 4 , 900 smart meters . 55 may allocate root index r , to the first group 1011 , root index 

Thus , the spatial group based random access method may r , to the second group 1012 , and root index r? to the third 
accommodate a greater number of smart meters with lower group 1013 . The base station 1010 may broadcast , to all 
collision probabilities . nodes in the cell , the group coverage distances d , 1021 , d2 

FIG . 10 is a diagram illustrating a shared area of spatial 1022 , and dz 1023 and information on the root indices r? , rz , 
groups in a spatial group based random access method 60 and rz . In such an example , the node may be a terminal 
according to an embodiment of the present invention . device or a communication processor . 

In the spatial group based random access method , a node According to an embodiment , a node may estimate dis 
may identify a spatial group to which the node belongs based tance from a base station based on the strength of a reference 
on spatial group information received from a base station signal transmitted from the base station . As illustrated in 
and information on the distance between the node and the 65 FIG . 10 , the node may recognize the group coverage dis 
base station . However , an error may occur when the node tances d , 1021 , d , 1022 , and dz 1023 and the information on 
estimates the distance between the node and the base station . the root indices r? , 12 , and rz . The node may recognize a 
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spatial group to which the node belongs based on the group Examples of non - transitory computer - readable media 
coverage distance of the spatial group . The node may include magnetic media such as hard disks , floppy disks , and 
estimate the distance from the base station 1010 based on the magnetic tape ; optical media such as CD ROM discs and 
strength of the reference signal transmitted from the base DVDs ; magneto - optical media such as floptical discs ; and 
station 1010 , and identify the spatial group to which the 5 hardware devices that are specially configured to store and 
node belongs using the estimated distance and the received perform program instructions , such as read - only memory 
spatial group information . In an example , the distance from ( ROM ) , random access memory ( RAM ) , flash memory , and 
the base station 1010 to the node may be obtained using a the like . Examples of program instructions include both 
GPS . In another example , the distance from the base station machine code , such as produced by a compiler , and files 
1010 to the node may be obtained using the distance containing higher level code that may be executed by the 
information pre - input to a fixed node . A method of obtaining computer using an interpreter . The described hardware 
the distance from the base station to the node may not be devices may be configured to act as one or more software 
limited to the descriptions provided in the foregoing and modules in order to perform the operations of the above 
various methods may be applied to obtain the distance . 15 described exemplary embodiments of the present invention , 

Although the node fails to identify the spatial group to or vice versa . 
which the node belongs due to the distance estimation error Although a few exemplary embodiments of the present 
De , the node in the shared areas 1031 and 1032 may perform invention have been shown and described , the present inven random access without a problem by setting the shared tion is not limited to the described exemplary embodiments . distance 1030 . 

FIGS . 11 and 12 are graphs illustrating the effect of 20 Instead , it would be appreciated by those skilled in the art 
distance estimation error De on the average random access that changes may be made to these exemplary embodiments 

without departing from the principles and spirit of the delay according to an embodiment of the present invention . 
The distance estimation error De between a node and a invention , the scope of which is defined by the claims and 

base station is based on normal distribution D - N ( 0 , 0 , ) . 35 their equivalents . 
For example , when a cell radius of d is 2 km , a random 
access rate of What is claimed is : 

1 . A random access method of a node , the method 
comprising the following steps performed by the node : 

receiving , from a base station , spatial group information 
on spatial groups in a cell generated based on a distance 
from the base station ; is 5 minutes , the total number of nodes is 30 , 000 , and the 

maximum number of random access attempts in the same identifying a spatial group corresponding to the node 
group , N , is 3 , the collision probabilities and random access 35 based on the spatial group information ; 
delays may be evaluated by increasing the distance estima transmitting a preamble signal requesting initial network 
tion error De access from the node to the base station by generating Referring to FIG . 11 , the effect of the distance estimation the preamble signal based on a cyclic shift and a root errors obtained through spatial group based random access index corresponding to the received spatial group infor on the average random access delay is verified when the 40 mation ; and shared spatial group is not set . A case 1101 of the conven 
tional random access shows a constant random access delay receiving a random access response message in response 
irrespective of a distance estimation error D . A case 1102 of to the preamble signal by searching for a random access 
a node belonging to the first group increases random access response message corresponding to the node based on 
delay when the distance estimation error D , increases . How - 45 
ever , a case 1103 of a node belonging to the second group a preamble identifier and timing alignment information 
shows a constant random access delay irrespective of the comprised in the random access response message , 
distance estimation error DC . wherein the timing alignment information corresponds 

Referring to FIG . 12 , the effect of distance estimation to a range of timing alignment information for the errors obtained through spatial group based random access 50 
on the average random access delay is verified when a spatial group , and wherein the node distinguishes the 
shared spatial group is set . A case 1201 of the conventional range of timing alignment information possessed by the 
random access shows a constant random access delay irre spatial group based on equation 11 , wherein equation 
spective of the distance estimation error D . A case 1202 of 11 is : 
a node belonging to the first group and a case 1203 of a node 55 
belonging to the second group also shows a constant random 
access delay irrespective of the distance estimation error De . 20xdi As illustrated in the foregoing , using the spatial group based k = 1 
random access method by setting the shared spatial group 
may not result in degradation in performance despite an 60 TAK = 1 
occurrence of the distance estimation error De . 

The above - described exemplary embodiments of the pres - , k = 2 , 3 , . . . , K 
ent invention may be recorded in non - transitory computer 
readable media including program instructions to implement 
various operations embodied by a computer . The media may 65 wherein TA , denotes the timing alignment information to 
also include , alone or in combination with the program be applied to nodes belonging to the k - th group and d 
instructions , data files , data structures , and the like . denotes a group coverage distance . 

1 ( s . 20xd ) k = 1 
* - * Ex . 20 x 12k = 1 = 
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2 . The method of claim 1 , wherein the generating of the 

preamble signal comprises : 
determining the cyclic shift using the group coverage 

distance of the spatial group based on a equation 3 
wherein the equation 3 is 

I k = 1 kat 
TAK = 1 

20 x laurea zoxal . 13 Xd ; 
i = 1 i = 1 

- , k = 2 , 3 , . . . , K 

Nga ) = 3 + ) + , 10 

and 

wherein TA denotes the timing alignment information to 
be applied to nodes belonging to the k - th group and d 
denotes a group coverage distance . 

8 . The method of claim 7 , wherein the spatial groups in 
d denotes the group coverage distance and Nzc denotes a the cell comprise a shared area in which two neighboring 
ZC ( Zadoff Chu ) sequence length and Tseg denotes spatial groups among the spatial groups overlap within the 
duration and Tds denotes a maximum delay spread and 15 shared distance . 
n , denotes the number of additional guard samples . 9 . The method of claim 7 , wherein the forming of the 

spatial groups in the cell comprises : 3 . The method of claim 1 , wherein the spatial groups in determining the number of the spatial groups to be 
the cell comprise a shared area in which two neighboring identical to the number of available root indices for the spatial groups among the spatial groups overlap within a 20 base station ; and 
shared distance . setting the group coverage distance of a spatial group to 

4 . The method of claim 1 , wherein the identifying of the minimize the random access collision probabilities of 
spatial group corresponding to the node comprises : nodes comprised in the spatial group and uniformly 

receiving a reference signal transmitted from the base maintain the collision probabilities among the spatial 
station of the cell ; groups . 

10 . The method of claim 7 , wherein the spatial group estimating the distance from the base station to the node information comprises : based on the strength of the reference signal ; and a group coverage distance and a root index of the spatial 
identifying information on the spatial group correspond group . 

ing to the node from the spatial group information 30 11 . A node performing a random access method , the node 
received from the base station . comprising : 

5 . The method of claim 1 , wherein the generating of the a group information receiver to receive spatial group 
preamble signal comprises : information on spatial groups in a cell formed from a 

determining the cyclic shift using a group coverage dis - 35 base station ; 
se u 35 an identifier component to identify a spatial group corre tance of the spatial group ; and sponding to the node ; 

generating the preamble signal using the root index allo a preamble generator to generate a preamble signal based 
cated to the spatial group and the cyclic shift . on a cyclic shift and a root index corresponding to the 

6 . The method of claim 1 , wherein the receiving of the received spatial group information ; 
random access response message comprises : 40 a transmitter to transmit the generated preamble signal 

identifying , as the spatial group corresponding to the requesting initial network access from the node to the 
base station ; and node , a neighboring spatial group located nearest to the 

node when the random access response message is not a searcher component to search for an available random 
received within a predetermined number of times in access response message in response to the preamble 

signal , wherein the random access response message response to the preamble signal . corresponds to the node based on a preamble identifier 7 . A random access method of a base station , the method and timing alignment information comprised in the 
comprising the following steps performed by the base sta random access response message , wherein the timing 
tion : alignment information corresponds to a range of timing 

forming spatial groups in a cell of the base station based 50 alignment information for the spatial group , and 
on a distance from the base station ; wherein the node distinguishes the range of timing 

transmitting spatial group information on the formed alignment information possessed by the spatial group 
spatial groups to a node ; based on equation 11 , wherein equation 11 is : 

receiving a preamble signal requesting initial network 55 
access from the node to the base station ; and 

k = 1 transmitting a random access response message in 
response to the preamble signal , wherein the random TAk = 1 
access response message corresponds to the node based 
on a preamble identifier and timing alignment infor - 60 k = 2 , 3 , . . . , K 
mation comprised in the random access response mes 
sage , wherein the timing alignment information corre 
sponds to a range of timing alignment information for wherein TA , denotes the timing alignment information to 
the spatial group , and wherein the node distinguishes be applied to nodes belonging to the k - th group and d 
the range of timing alignment information possessed by 65 denotes a group coverage distance . 
the spatial group based on equation 11 , wherein equa 12 . The node of claim 11 , wherein the identifier compo 
tion 11 is : nent identifies information on a spatial group corresponding 

20 X ( 0 , 2034 ) 

T - - Ed 20x2 - 2 . 20 X 
i = 1 
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to the node from the spatial group information received from a receiver to receive a preamble signal requesting initial 
the base station by receiving the reference signal transmitted network access from the node to the base station , and 
from the base station of the cell and estimating the distance a random access response message transmitter to transmit from the base station to the node based on the strength of the 
reference signal . a random access response message in response to the 

13 . The node of claim 11 , wherein the preamble generator preamble signal , wherein the random access response 
generates the preamble signal by determining the cyclic shift message corresponds to the node based on a preamble 
using the group coverage distance of the spatial group and identifier and timing alignment information comprised 
by using the root index allocated to the spatial group and the in the random access response message , wherein the 
cyclic shift . timing alignment information corresponds to a range of 

14 . The node of claim 11 , wherein , when the available timing alignment information for the spatial group , and 
random access response message is not received within a wherein the node distinguishes the range of timing predetermined number of times in response to the preamble alignment information possessed by the spatial group signal , the identifier component identifies , as the spatial based on equation 11 , wherein equation 11 is : group corresponding to the node , a neighboring spatial 
group located nearest to the node in lieu of the spatial group 15 
identified by the identifier component . 

15 . The node of claim 11 , wherein the searcher component k = 1 searches for a random access response message correspond 
ing to the node using a preamble identifier and timing TAK = 1 
alignment information comprised in the random access 20 
response message . 

16 . A base station performing a random access method 
with a node , the base station comprising : 

a spatial group former component to form spatial groups wherein TA , denotes the timing alignment information to in a cell of the base station ; 25 be applied to nodes belonging to the k - th group and d a spatial group information transmitter to transmit spatial 
group information on the formed spatial groups to the denotes a group coverage distance . 
node ; * * * * * 

( o . 20xdi ] 
x 2d ; 

i = 1 
XXd 

i = 1 

3 3 k = 2 , 3 , . . . , K 


